The total attenuation cross section and the differential-scattering cross section in one angular inter:Val were measured !or K+ mesons of 190-Mev kinetic energy. The targets were carbon, aluminum, copper, silver, and lead.
., MEASUREMENT OF THE CROSS SECTIONS The pa.rtlclee emerging from the Bevatron taraet were momentumanalyzed and focused on the acattering taraet. Veloclty•aenettive counters were uaed. to dietinguieh between the heavy meeons and the other particles in the beam. Counters place4 behind the scattering target indicate the ab•orption or acatter ol a K particle. T~e nuclei cb.oaen for the mea•urement were carbon, aluminum, copper. aU~er, and lead.
K+beam T~ arrangement of the K+ beam is shown in Fig. l . The K meaona were produced by the 6.Z•Bev protons etrildli& either a carbon or a polyethylene target. (These ta~aet materials were choeen with regard to the r~uirements of an antiproton experiment using the eame target.) The particles of momentum 475 Mev/c produced at 0° were bent through approximately 45° in the magnetic flelci of the Bevatron, and then left the vacuum through a O.OZO•inch-thick dual window. A three-element magnetic-quadrupole strong-focusing lens 3 was placed as clotie as possible to the window. Aft analyzing magnet; . immediately after the magnetic lena, waa u&ed to select the desired momentum.·
The quadrupole lens ancl a.na.lyaing magnet together form a "strong ..
focusing apectrometer • .,a, images of the target produced by the Bevatron field, and formed a set of reallmaaes at the coWlter array. This exper-imental arrangement gave a:··''•''-~·;:··.·~~ beam of 190·Mev kinetic energy at the tc:atteri~g target with a spread ot a ZS Mev a.nd an angular divergence of * 3°. The flux was 10 K partldea per aq,uare inch per 10 10 protons incident on the production target.
The function of the counter• was threefold: (a) To define the direction . of the particlel, (b) to select from the momentum·analyzed beam those particle• with the .proper •elocity to have the rnaae of a K meson, a.md (c) to determine the fraction of theee particle• that acattered or interacted in the target. Figure 2 ahowa .615 produce radiation. Light emitted at an angle greater than arcsin (.1/n) iB internally reflected at the rear window of the counter and does not strike the photomultiplier tube. Thus the counter is insensitive to particles of a velocity greater than fSu given by: 1 f3u = n cos Be where 8 = arcsin ( 1/n), n = index of refraction. This counter was first c described by Fitch. 5 K particles were identified by a coincidence between the c 2 • Dl' and 0 2 counters in anticoincidence with the c 1 counter. When such an event occurred the height of the pulses from the defining counters was recorded and used as a further measure of the velocity.
The scintillation counter P (Fig. Z) was used in conjW,'lction with the absorber to determine, by range, the energy of the incident beam and to check for contamination in the K selection system. The scattering targets were placed either just behind the P counter or behind the c 2 counter. The latter position was used for the 11 target-out 11 measurement (which is described more fully below.) The counters A 1 and A 2 were sc:intillation counters, 11.5 and 6.75 in. in diameter respectively. The half angles subtended by these counters at the center of the target were 
Pion and Proton Contamination
The composition of the momentum-analyzed beam was approximately 4000 pions, 2000 protons, and 10 K mesons per beam pulse. The K+ attenuation cross sections are a small fraction of the pion or proton cross sections. Therefore, it was necessary for the counters to identify K particles with less than lo/o contamination of pions and protons.
The contamination of pions was measured by varying the thickness of the copper absorber in front of the P counter and observing the coincidence rate between the P counter and the K-meson selection system. Because the range of pions is much greater than the range of heavy mesons of the same momentum, we expect the coincidence rate to drop sharply at an absorber thickness equal to the range of the K mesons. From these data ( Fig. 3 ) it was determined that the contamination due to pions was less than 1°/u of the K flux.
A small contamination resulted from a coincidence between a proton in the defining counters and a random count in the c 2 counter. This contamination was discovered from the pulse ·height spectra of the two defining counters. By accepting only particles that excited the c 2 counter, did not excite the C 1 counter, and gave pulse heights .in the two defining counters within the proper limits, we selected K particles with less than 1 '}(j contamination by other particles.
.,
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Procedure A target was placed in the K beam directly behind the P counter.
Several thousand oscilloscope traces were recorded, and another target was substituted .
The main source of "target-out" attenuation events was the decay in flight of K particles between the P counter and the Az counter. Using a mean life of 1.3 x 10· 8 sec, 8 we find that about 6°/o of the K particles decay between these counters. Because the fraction of particles that interact in the target is about 3o/o, the background measurement should be as exact as possible.
The fraction of the K particles that decay between the P counter and the A 2 counter is a function of their velocity. For the "target-out" measurements, the K particles 8hould have the same velocity at corresponding points between the P and A 2 counters ae for the ''target-in" measurement.
For the "target-out" measurement, therefore, the target was placed behind the c 2 counter. Thus the particle velocity in the region from the back end 'of the target 'to the A counters was the same as for the ''target·in" measurement. Only a small correction was then necessary to account for the difference in particle velocity in the region between the P counter and the back of the target. It was sufficient to perform the "target•out" measurement for one target only, because the thickness of the various targets was chosen such that they all would have the same stopping power.
Reduction of the Data
The pulse height from the two defining counters was calibrated in arbitrary units, using a microfilm reader. This calibration was repeated at various times, to check for any drift in gain of the photomultiplier tubes or amplifiers. It was found that the system was quite stable.
After limits on the proper pulse height for K particles bad been determined, a. chart was made up showing these limits and the expected position in time of each pulse on the sweep. The timing of a pulse could be read with an accuracy of approximately 5 nanoseconds. Thus the time criteria imposed during the fUm reading improved the resolving time.
Each sweep, as viewed with the microfilm reader was compared with the chart, and the scanner quickly determined from the pulses of the counters Cz• o 1 , and Dz whether or not the event was caused by a K particle. Sweeps due to K mesons were examined for t.he absence of pulses from the A 1 and Az. counters. The sweeps were then classified as one of the following:
... When a length of film was scanned, the number of events in ea~.P..
class were recorded along with the film number. A total of about 200,000
traces divided into 117 groups was observed. The scanners were not told to which target a particular film corresponded. The data from each group was reduced to a cross section as described in the neXt section. These cross sections were then compared, and the deviation between them was found to be compatible with the statistical accuracy of each. Thus, it was felt that the scanners were not introducing subjective errors.
Calculation of the Cross Sections
From the various numbers recorded during the film reading, three 
CORRECTIONS Decay in Flight
The fraction o£ K particles that decay was greater for the "targetout" case than for the "target-in'' case due to the inequality of the velocity between the P counter and the back of the target. The correction was calculated numerically and applied to the data. It accounted for an in::.rease in a 1 of 1.6% and for an increase in az of 1. 9%.
-A further correction must be applied to account for ,_ and tJ.
•meson contamination arising from K, 2
and KfLz particles that decay between the last defining ·counter and the target, and trigger the P counter •. CROSS SECTIONS The measured cross sections are given in the first three rows in Table I . The quantities used in the analysis which follows, are aja , where z g a = v R and R is the radius of the nucleus. R was assumed to be given by The measured cross &Sections a 1 , Oz, and AO are actually combinations of the scattering and interaction cross sections. Thus, we can write (Z) and where a 8 is the total coherent or elastic scattering erose section and a 1 is the total incoherent scattering cross section. The latter includes all processes--such as charge exchange and inelastic: scattering--that remove particles fr.om the incident plane wave. The a's and "'s are the fractions of the total elastic and total inelastic -scattering cross sections included in the measurement. 
•. ,-. and K that fit the experimental data are then found.
Optical Model
The optical model gives approximate solutions valid for small reflection and refraction at the boundary of the potential.
The wave number inside the potential well is given by
where k is the wave number outside the well (k = Pfli) and V l is the real part of the potential given in Eq~ (3). Jf we consider the optical analogy In addition to Eqs. (5) and (6) the optical model gives, for the scatterin~ amplitude, (6) . lm~ 1/l< kR , (-k+ Zikl~i
l=O where .. Equation (7) is also obtained by treating the complex square well in WKB approximation.
and The Fractions Cli
Using the results of the optical· model, we now write
·: where du (8)/dO is the differential scattering cross section. Using du (6)/dO = l£(6) I Z, we calculated ~ and 6o. and found them to be nearly independent of KR and k 1 R and a function of kR only. It has been pointed out that such a conclusion is reasonable, because we expect the shape of . .
-14-UCRL-3747 1\ev f(8) to depend most etrongly on the number of partial waves included in the scattering.
1 Z In the fir at Born approximation. we find that the shape of f(B) is completely independent o£ k 1 and K.
After final values for k 1 and. K had been obtained, new a.' • artd AG' s were calculated and were found to differ from the previous values by less than 1 "/u.
The above a.na1yela ia in the fl'a.mework of Schroedinger w-.ve mechanic•. and is therefore not relativistic' however, relativiatic kinematics were used.
Effect of the Coulomb Potent~al
In the ana.lyaia thus far, the Coulomb tield has been neglected. U the firat Born approximation is used, the scattering amplitude ia given by
where f c (8) is the scatterb1g amplitude derived from a point scatter and
F (9) is the nuclear .!orm factor. For a uniform c:•rge distribution of radius R, F(8) beeomes 13
Equations ( 10) and ( 11) give the scattering ampUtude aa calculated in the Born approximation. It ie well known that the magnitude of .f(f~) derived from the Born approximation is nearly exact; however, the phase is uoi' correct. To estimate the maximum effect, the phase of fc (8) was arbitrarily taken to be the same as the phase of £ (9) given by Eq. (7) for the square well.
For all values of K and k 1 that were of interest ln this problem, the muimum possible Coulomb ef£ect was found to be negligible.
., The values of K and k 1 for each target as determined from the intersection of these curves are given in Table II . The errors shown reflect only the statistical inaccuracy in the measured cross sections. The systematic errors of the analysis may be larger.
The uncertainty of extending to lower Z the value of ~ determined. for nuclear emulsion has practically no effect on K; however it certainly affects kl. The values of kl in Table. U should be reliable to about:t:50,-o. The values of K must be taken in the spirit of the square-well approximation and considered as only a first approximation to the real physical potential.
From the values of k 1 given in Table 11 the real potential can be calculated from Eq. (4) (Fig. 5) . The average potential is found to be 24.2 e 2.3 Mev.
UCRL-3747 Rev Mean Free Path for Interaction in Nuclear Matter
The problem of deriving th~ erose section for individual K-nucleon interactions from the mean free path in nuclear matter is a difficult one.
In the simplest picture. one assumes that each nucleon within the nucleus can interact with the K particle independently o£ the other nucleons. Thus, we may express the mean free path within the nucleus as:
where K is the absorption constant as before, a 0 is the K-nucleon cross section, and p is the nuclear density. For R = r 0 A 1 1 3 p is given by
The values of a 0 were computed from Eq. (13) and (14) for the values of K given in Table II .
Stetnheimer has pointed out that the Cl'OSS section in complex nuclei 
Absorption Constant
The average cross section per nucleon in complex nuclei from Fig. 6 is lower than the K-proton cross section given by other experiments. The decrease in u £ with increasing A is too large to be explained by the neutron excess even if the K-neutron cross section is as small as one-half the Kproton cross section {as small as is allowed by the conservation of isotopic spin). A failure of the simple model .'\J!iedfor the nucleus may account for the. decrease. Calculations using a more realistic nuclear density distril)ution will be carried out in the future. 
·~
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